During the past three decades, data envelopment analysis (DEA) has been successfully used for measuring the relative efficiency of financial or non-financial firms. This paper presents an empirical investigation to measure the relative efficiency of five Canadian banks versus 6 US big banks using DEA method. The study considers the number of employees and total assets as input and net revenue is used as the output of the DEA model. The data are collected from the official statements of the banks for the fiscal year of 2017. The results indicate that 6 US banks maintained an average efficiency of 0
Introduction
Efficiency plays an important role for the success of the most financial institutions such as insurance companies, banks, etc. (Holod & Lewis, 2011) . Data envelopment analysis (DEA) is one of the tools for measuring the relative efficiency of different financial or non-financial firms. The benefit of applying DEA is that it makes it possible to use the non-financial factors along with the financial data to reach a better comparison of various units. DEA has become a popular technique among scholars because of the simplicity of the implementation and interpretation. During the past three decades, there have been substantial works on applying DEA models for estimating the relative efficiency of banks in the world (Haslem et al., 1999; Mercan et al., 2003) . Yang et al. (2010) , for instance provided an integrated bank performance evaluation and management planning based on a hybrid minimax reference point -DEA approach. Staub et al. (2010) performed an investigation on various factors influencing on the relative efficiency of Brazilian banks such as cost and technical efficiencies over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . They stated that Brazilian banks were blamed for low levels of efficiency compared with European or US banks. They also stated that state-owned banks were substantially more cost efficient than other foreign banks. Nevertheless, they could not detect any evidence to learn that the differences in economic efficiency were because of the type of activity and bank size. Avkiran (2010) looked for the association between the supper-efficiency estimations and some financial factors of Chinese banks. They detected the inefficient units where there was a low correlation between the supper-efficiency and good financial ratios. Lin et al. (2009) applied various DEA techniques for 117 branches of a certain bank in Taiwan and found an overall technical efficiency of 54.8 percent for all banks. The results of their study also indicated that most branches were relatively inefficient. Thoraneenitiyan and Avkiran (2009) performed an investigation by using a hybrid of DEA and SFA to measure the effect of restructuring and country-specific factors on the efficiency of post-crisis East Asian banking systems over the period 1997-2001. They stated that banking system inefficiencies were primarily contributed to country-specific conditions, such as high interest rates, markets mixture, etc. DEA was also implemented for banking decisions. For example, Che et al. (2010) applied a hybrid of Fuzzy analytical hierarchy procedure (AHP) (Saaty, 1985 (Saaty, , 1990 (Saaty, , 2003 Chang, 1996) and DEA as a decision making facility for making decisions on bank loan. Chen et al. (2018) investigated the efficiency of Chinese banks during the peak period of the global financial crisis. They implemented an innovative DEA technique under a stochastic environment. The results disclosed that the overall efficiency level of the Chinese banks were low. Fujii et al. (2018) estimated bank efficiency and productivity changes in the EU28 countries and reported that bank efficiency was undermined by the financial crisis in banks notably from the EU15 countries. Wanke et al. (2018) compared different DEA techniques for measuring the relative efficiency of banks and reported that we may reach different results depending on the type of model, inputs and outputs. Fernandes et al. (2018) measured the relative efficiency of peripheral European banks and computed the effects of bank-risk determinants on their performance over the period 2007-2014. DEA was implemented based on a Malmquist Productivity Index in order to calculate the bank efficiency scores. The results maintained important policy implications for the Euro area, as they indicated the existence of a periphery efficiency meta-frontier. Liquidity and credit risk were detected to negatively influence on banks productivity, whereas capital and profit risk maintained a positive effect on their performance.
Data Envelopment Analysis
In constant return to scale DEA (CCR) introduced by Charnes, et al. (1978 Charnes, et al. ( , 1994 , one measures the relative efficiency of a given decision making unit (DMU). In many cases, reaching an analytical form for the performance function is impossible. Thus, it is possible to form a set of production feasibility, which constitutes of some principles such as fixed-scale efficiency, convexity and feasibility as follows,
where X and Y state the input and the output vectors, respectively. The CCR production feasibility set border describes the relative efficiency in which any off-border DMU is considered as inefficient. The CCR model is presented in two forms of either input or output oriented. The input CCR tries to decrease the maximum input level with a ratio of  such that, at least, the same output is produced, i.e.: (2) is the envelopment form of input CCR where  is the relative efficiency of the DMU and we can show that the optimal value of  ,  * , is always between zero and one. In an input oriented DEA model, once the efficiency of a DMU unit, p DMU , drops, one may use the border to make it efficient. For the case of the output oriented DEA model, the primary objective is to maximize the output level, ,  by applying the same amount of input. The model can be formulated as follows,
The proposed method
This paper presents an empirical investigation to measure the relative efficiency of five Canadian banks versus 6 US big banks using DEA method. The study considers the number of employees and total assets as input and net revenue is used as the output of the DEA model. The data are collected from the official statements of the banks for the fiscal year of 2017. Table 1 demonstrates some basic information about the banks. In Canade, five banks; namely TD Bank, Nova Scotia, Royal Bank, Canadian imperial bank of commerce (CIBC) and Bank of Montreal represent the biggest financial institutions for serving Canadians. Note that since DEA implementation requires positive numbers for the input and output, we have not considered the information of CITI Group because this firm reported a negative loss of 6.798 billion dollar during the fiscal year of 2017. In our survey, total assets and net incomes are in billion dollars. Fig. 1 shows the inputs and the output of the DEA model. As we can observe from the Fig. 1 , the DEA model consists of two inputs and one output. In Canada, while one bank performed relatively well, the performance of the other Canadian banks were not as good as the US banks. It appears that US banks used to perform better than some South American banks. As stated earlier, Staub et al. (2010) performed a study on various factors influencing on the relative efficiency of Brazilian banks such as cost and technical efficiencies over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] and in this work Brazilian banks were blamed for low levels of efficiency compared with European or US banks. However, as Staub et al. (2010) reported, the average efficiency was reported to be about 57% for Brazilian banks while Canadian banks performed better in our report. 
Conclusion
Measuring the relative performance of banks, insurances and other financial institutions have been a concern among banks' customers, investors, government agencies, etc. It helps customers keep their accounts with banks with better performance while investors may find some bargin for investment planning. In this paper, we have performed an empricial investigation to measure the relative efficiency of 11 North American banks. The study has chosen 5 big Canadian versus 6 giant US banks and using DEA technique the relative efficiency of these banks have been measured. Our survey has shown that US firms are in better position in terms of efficiency compared with Canadian banks. Other studies have also confirmed that US banks performed better than some South American banks (Staub et al. 2010; Che et al., 2010) .
